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Abstract

The purpose of this report is to characterize vegetation of the middle Snake River from
Banbury Springs to Bancroft Springs (RM 589.2 to 552.9) in the vicinity of Upper Salmon Falls,
Lower Salmon Falls and Bliss Reservoirs including the unimpounded Thousand Springs, Wiley
and Dike Reaches.  The first objective was to develop a map of general cover types found in the
study area.  The second objective was to develop a classification system for plant associations
found in each of the vegetation cover types.

A total of 27 vegetation, natural feature and land use cover types were found in the
Hagerman Study Area.  Aquatic habitats, consisting of the river and nearby ponds, account for
14.8% of the total area.  Land use cover types, dominated by agriculture and grazed pastures,
occupy 21.6% of the total area, and vegetation cover types account for the remaining 54.3%. 
Wetland/riparian vegetation cover types account for 7% of the total area and only 12% of the area
occupied by vegetation cover types.  Upland vegetation cover types account for 88% of the area
occupied by vegetation cover types.  Lotic, Shrubland and Shrub Savanna cover types were the
most abundant of the cover types present.  Shore & Bottomland Wetland and Forested Wetland
cover types were strongly associated with specific reaches of the study area.  Twenty-two riparian
and wetland plant associations and four upland associations were identified.  Salix exigua occurs
as a significant component in 65% of the riparian and emergent wetland associations defined as
part of this study and almost half of the associations were dominated by Salix exigua.  In upland
associations, Bromus tectorum was the most common understory species.  All of the plant
associations described have exotic species as an integral component of their composition.  Three
cover types were sampled insufficiently to describe plant associations:  Tree Savanna, Upland
Forest and Grassland.
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1.  Introduction

Little information describing the vegetation resources of the Snake River in southwestern
and western Idaho exists upstream of the Hells Canyon region.  A brief description of upland and
riparian plant communities was provided for the Wiley Reach (Jensen and Verhovek 1979, Idaho
Power Company 1979, Bowler 1981).  Renewal of Federal Energy Regulatory Commission
(FERC) operational licenses for three hydroelectric dams operated by Idaho Power Company
(IPC) on the Snake River, begins in 1995.  The content of renewal applications was expanded
with the passage of the Electric Consumer's Protection Act in 1987 to include mitigation and
amelioration of environmental impacts resulting from operation of hydroelectric facilities. 
Documentation regarding vegetation that accompanies a relicense application must include 1) a
description of existing plant communities occurring in the proposed study area and its vicinity,
2) identification of any species listed or proposed for listing by the United States Fish and Wildlife
Service, 3) identification of impacts, if any, to vegetation as a result of project operation and 4)
plans to mitigate for impacts (18 CFR Ch.I, Subpart E §4.41 (1991)).  To be consistent with
FERC requirements and to provide a basis for ecological evaluation of existing vegetation
conditions, IPC sampled vegetation throughout the study area with the objective to describe
vegetation resources.  The purpose of this report is to characterize vegetation of the middle Snake
River from Banbury Springs to Bancroft Springs (RM 589.2 to 552.9, hereafter referred to as the
Hagerman Study Area), in the vicinity of Upper Salmon Falls, Lower Salmon Falls and Bliss
Reservoirs, including the unimpounded Thousand Springs, Wiley and Dike reaches, with respect
to land use and vegetation cover types and plant associations affiliated with each vegetation cover
type.  The goal of this project was to describe the botanical resources that occur in the Hagerman
Study Area.  The first objective was to develop a map of general cover types found in the study
area.  The second objective was to develop a classification scheme for plant communities found
along the Snake River.  Cover type maps can be used to identify biologically sensitive areas (Scott
et al. 1987), describe spacial patterns (Malanson 1993) or changes in abundance and frequency of
particular characteristics of the landscape, e.g., Habitat Evaluation Procedure (HEP; USFWS
1981).  Development of vegetation classification systems is critical for relating land management
programs (Padgett, Winward and Youngblood 1987) to the short and long term impact of
management decisions upon successional changes in plant communities.  Taxonomy follows
Kartesz and Kartesz (1980).

2.  Study Area

2.1.  Location

The Hagerman Study Area is located on the Snake River Plain in southwestern Idaho,
near the communities of Hagerman and Bliss (Figure 1).  It encompasses approximately 43 km of
the Snake River and extends for 1.6 km on either side of the river.  The elevation of the study area
ranges from 762 to 1036 m above mean sea level incorporating a deeply incised basalt channel cut
into the surrounding plain.  Three hydroelectric projects fall within the study area, Upper Salmon
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Falls Dam (plants A and B), Lower Salmon Falls Dam, and Bliss Dam and the impoundments
associated with each project.  Each project has a legally defined project boundary incorporating
physical structures and impoundments.  All three projects are "run-of-the-river", and have little
storage capacity.  There are three unimpounded reaches present.  The first is the Thousand
Springs Reach, between Banbury Springs and the Upper Salmon Falls impoundment, the second
is the Wiley Reach, between Lower Salmon Falls Dam and Bliss Reservoir and the third is the
Dike Reach, located from Bliss Dam to Bancroft Springs.  Major tributaries to the Snake River
within the study area include the Malad River, Salmon Falls Creek, Riley Creek and Billingsley
Creek.  Additional significant inflows originate in the Thousand Springs spring complex from
Niagara Springs (RM 600.8) to Owsley Bridge (RM 585.4).

2.2.  Climate

The climate of the study area is semi-arid because of an orographic rainshadow created by
the Cascade Mountain Range (Caldwell 1985, Franklin and Dyrness 1988, West 1988).  Total
precipitation per year averages 216 mm (9.6 in.) (NOAA, Bliss weather station, 1951-1980). 
Mean annual temperature averages 10.6° C (51.0° F).  Summers are typically hot and dry. 
Average precipitation for the summer months is 7.9 mm (0.35 in.) and daytime temperatures
regularly exceed 37.8 °C (100 °F) during July (NOAA, Bliss weather station, 1951-1980). 
Generally, precipitation that falls during the summer does not percolate into the soil beyond the
surface layer (Caldwell 1985, West 1988), instead it is primarily lost through evaporation and
runoff.  Winters are typically cold and moist.  Most of the precipitation falls during the winter
months as snow (Figure 2).  Snowmelt provides most of the stored moisture in the soil profile that
is available to vegetation (Caldwell 1985, West 1988).

2.3.  Vegetation

Presettlement vegetation specific to the Snake River corridor is poorly known.  A handful
of illustrations were made in the mid to late 1800's that clearly identify Artemisia tridentata (big
sagebrush) as the dominant overstory species (Settle 1940, Fremont 1845).  There have been
numerous attempts to describe the botanical features of southwestern Idaho since the first
recorded collecting trips made in the early and mid-1800's by John C. Fremont and John McLeod.
 Unfortunately, most collectors were less interested in describing plant communities than
individual species (D. Henderson, Univ. of Idaho, pers. comm.); thus historians are left with an
incomplete picture of the historical organization of Idaho’s vegetation landscapes.  Descriptions
of pristine vegetation are based primarily upon existing conditions at sites that are thought to be
undisturbed and from historic data collected elsewhere in the Intermountain Region of the
northwestern United States.
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2.3.1.  Upland Vegetation

The study area falls within the physiographic province identified as the Columbia-Snake
River Plateau (West 1983a, 1988), also described as the Intermountain Sagebrush Province
(Bailey 1978).  Upland areas have been classified by West (1983b) as part of the Western
Intermountain Sagebrush Steppe.  Some authors include the study area within the extent of the
Great Basin flora (Hidy & Kleiforth 1990), although the area does not coincide topographically
with the physiographic boundaries that define the Great Basin.

Artemisia species coupled with an understory of perennial bunchgrass including
Agropyron, Poa, Stipa and Oryzopsis species, are typical of sagebrush steppe.  Once thought to
be subclimax to perennial grassland communities (Shantz and Zon 1924, Weaver and Clements
1938, Clements and Clements 1939), sagebrush-grass vegetation is now thought to be
ecologically stable.  Local shifts in composition can occur rapidly and frequently in response to
climatic conditions (Blaisdell 1958, Sharp et al. 1990), but overall composition and abundance
have been shown to be stable (Anderson and Holte 1981).

Much of the sagebrush-bunchgrass vegetation has changed from pristine to disturbed
condition since human occupation, beginning essentially with the adoption of horses by Native
Americans around 1700 AD (Yensen 1982).  A number of factors have combined to cause a
sometimes severe alteration of the natural ecological state, including grazing, agriculture, fire, and
introduction of exotic species.

Prior to European settlement, Shoshone-Bannock Indians kept a considerable number of
horses.  The Shoshone-Bannock were known to winter in large encampments on the Snake River
Plain near the mouth of tributaries to the Snake River, grazing their horses on the nearby
bottomlands (Yensen 1982).  The herds undoubtedly exerted a significant impact on the local
vegetation.

Early pioneers complained of insufficient grass to support their herds of cattle as they
traveled across Idaho during the early 1800's (Yensen 1982).  As increasing numbers of people
traveled west, conditions worsened.  By the 1840's there were camps along the Oregon Trail
which no longer supported grass.  By the time of peak emigration, cattle were commonly found
dead along the trail.  Yensen (1982) estimates between 60,000 and 250,000 cattle passed over the
Oregon trail annually during the period of peak emigration.

Permanent settlement within the vicinity of the Hagerman Study Area began in the 1870's
with the establishment of the Bliss Ranch near the present day community of Bliss (Ostrogorsky
1981).  Ranches were becoming prevalent during this time period in response to the increasing
number of miners working in Idaho.  The number of cattle, sheep and horses being trailed through
Idaho along the Oregon Trail to railheads in Wyoming and Utah increased to about 100,000 by
1879 (Hutchinson and Jones 1989).  When the Union Pacific Railroad came to the area in 1885,
the town of Bliss became a staging area for grazing herds waiting to be shipped.  Conditions were
similar across the western United States and, by the turn of the century, vast areas of sagebrush-
bunchgrass vegetation were in poor condition (Lenz 1986).
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The bunchgrasses of the sagebrush steppe did not evolve with extensive sizeable herds of
large, hooved herbivores (Young et al. 1976, Tisdale and Hironaka 1981, Mack and Thompson
1982, Mack 1986) and were quickly depleted by domestic grazing animals during the emigration
periods (Yensen 1982).  Under heavy grazing pressure the density of Artemisia spp. and other
unpalatable woody species (e.g., Chrysothamnus spp. (rabbitbrush)) tends to increase.

Overgrazing by domestic animals was not the only cause of the deterioration of the
sagebrush-bunchgrass vegetation.  Commercial placer mining was occurring upstream at
Shoshone Falls around 1869 (Miss and Campbell 1988) and began in the Hagerman Valley in
1887 when the Montana Land and Mining Company began large scale placer mining efforts there.
 The development of widespread agriculture began with the arrival of the railroad.  Later,
conversion of Artemisia-dominated lands to agriculture occurred with the invention of powerful
electric pumps that enabled farmers to move water from the river to the surrounding plateaus. 
With the long history of intensive land use, it was inevitable that changes to the vegetation of the
Snake River Plain would occur.

The disturbance of native vegetation and the settlement of the West by emigrants was
accompanied by the introduction of numerous exotic weedy species.  One of the most well known
and widespread exotics is Bromus tectorum (downy brome).  Areas typically invaded by Bromus
tectorum carry more or less continuous fine fuels and are dry enough to carry a fire (Whisenant
1990).  With the shift from native rangelands dominated by perennials toward annual grasslands,
fire frequency of Bromus tectorum-dominated rangelands in Idaho has increased to 3-5 year
intervals (Whisenant 1990).  Natural diversity has been significantly reduced as a result
(Whisenant 1990).  Increased soil erosion results, not only from reduced vegetative cover, but
from the loss of soil surface cryptogams as well (Marble and Harper 1989).  Combined with poor
grazing practices, recovery of native sagebrush-bunchgrass vegetation through natural
successional pathways is altered, if not eliminated (Whisenant 1990).

2.3.2.  Riparian and Emergent Wetland Vegetation

Juxtaposed upon the dry landscape are narrow bands of riparian vegetation that follow
perennial water courses.  In this setting, trees and tall shrubs, such as Salix spp. (willows), replace
the Artemisia spp. and the diversity of grasses and forbs increases (Mitsch and Gosselink 1993). 
Within the narrow band, numerous riparian communities are distributed along a moisture gradient
from emergent wetland to vegetation transitional between wetland and upland communities
(Myhre and Clements 1972, Jensen and Verhovek 1979, Tisdale 1986, Minshall et al. 1989,
Johnson et al. 1992).  Species are also distributed in response to local changes in soils,
topography, and, at least historically, seasonal disturbance frequency, e.g. flooding (Mitsch and
Gosselink 1993, Sather-Blair 1988).

Flooding is a natural ecological disturbance that greatly affects the composition and
arrangement of species within the riparian corridor (Szaro 1989).  Most riparian species are well
adapted to periodic disturbance because of the dynamic nature of their natural environment.
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Cowardin et al. (1979) provided a general classification of riparian and wetland vegetation
cover types for the United States based primarily on physiognomic status, but also involving
physiographic (e.g., lake/river), substrate (e.g., consolidated gravel/bedrock) and hydrologic (e.g.,
seasonal intermittent flow) characteristics.  The classification was used to map the distribution of
wetland types across the United States (USFWS National Wetlands Inventory, NWI).  Three
cover types are common on NWI maps of Idaho:  Emergent, Scrub-Shrub, and Forested Wetland
(Sather-Blair 1988).  In general, Scrub-Shrub vegetation is dominant along the water's edge, with
forested species occurring slightly up-slope (Sather-Blair 1988, Johnson et al. 1992).  Within the
riparian zone, herbaceous species tend to be more common at the wetter edge of the moisture
gradient (Myhre and Clements 1972, Jensen and Verhovek 1979, Johnson et al. 1992).  A total of
659.9 ha of wetlands were identified on NWI maps for the Hagerman Study Area (Table 1).  The
most abundant wetland types in the study area are Palustrine, Scrub-Shrub Wetlands (27.0%) and
Palustrine, Emergent Wetlands (25.6%).  All other types of wetlands compose less than 15%
each of the total wetland area.

Flooding maintains riparian systems by creating new habitat, distributing nutrients, and by
importing and exporting organic material (Etherington 1983, Mitsch and Gosselink 1988).  Steep
channel slopes, like those found in the study area, tend to have less widespread flooding (Mitsch
and Gosselink 1988), therefore limiting the size of the riparian zone.  Ultimately, hydroperiod,
including flood intensity, duration, and timing, determines ecosystem function and structure
(Mitsch and Gosselink 1988, Klimas 1988).  Seasonal flooding also maintains wetland and
riparian habitats in early successional stages (Etherington 1983), leading to a more diverse
vegetation than occurs in surrounding vegetation (Klimas 1988).

Grazing impacts to riparian vegetation are similar to those described for sagebrush-
bunchgrass vegetation.  Livestock tend to congregate along waterways because water and shade
are available as well as forage (Szaro 1989).  Impacts can include change in vegetative
composition, a lowered water table, and complete loss of riparian cover (Minshall et al. 1989,
Szaro 1989).  Many of the native shrub species resprout after defoliation by grazing livestock, but
only if sources of regeneration remain on site (Hansen 1992).  Noxious weed species generally
find open habitat available for colonization in heavily grazed riparian systems (Hansen 1992). 
Like the vegetation of the sagebrush-bunchgrass type, examples of pristine riparian vegetation on
the Snake River Plain are rare.

2.3.3.  Land Use

In the 1860's ranchers grazed large herds of cattle in southern Idaho (Yensen 1982) to
provide food for the growing population of miners (Young 1986).  By the 1880's, large cattle
ranches were common.  Sheep herding also became more common about this time (Yensen 1982,
Young 1986).  The Raft River Valley was a route commonly used to drive sheep from Utah and
Nevada into the mountains of Idaho for summer grazing.  Herds were also driven into Idaho
during the winter to avoid grazing taxes in Utah (Yensen 1982).  Young (1986) describes the Raft
River Valley as a "...dust bowl as a result of the migrations."  An 1880 census reported 27,326
sheep in Idaho.  In 1890, a census listed 357,712 sheep (Young 1986).  The years 1889 and 1890
brought two of the coldest and snowiest years recorded.  Extreme weather conditions, combined



Cover Type Map and Vegetation Classification

Idaho Power Company          7

with a decade of severe overgrazing, devastated herds of cattle and sheep. Subsequently, hay
farming on irrigated land soon became a common practice to provide reliable winter food for
cattle (Young 1986) and sheep (Yensen 1982).  The Hagerman Valley surrounding Upper and
Lower Salmon Falls Reservoirs was extensively used for irrigated agriculture for almost a century
because of the availability of numerous springs along the east side of the Snake River.  Upland
areas that were not irrigated were grazed by livestock.

Following the passage of the Carey and Desert Land Entry Acts, private organizations and
the federal government rushed to build irrigation facilities to divert the flow of the Snake River
and tributaries onto the desert landscape in order to "reclaim" the land for agriculture.  Irrigation
projects became commonplace and agriculture became an important source of income for the
region (Miss and Campbell 1988).  One of the earliest large-scale reclamation projects undertaken
on the Snake River began in the early 1900's at what is now known as the Milner Dam site.  Large
numbers of would-be farmers emigrated from the eastern and middle United States to take
advantage of new government regulations (e.g., Carey Act, Enlarged Homestead Act) that
provided up to 320 acres of land (Yensen 1982) to any man, woman or child willing to convert
the arid West into farmland (Greenwood 1987).  Many of these farms failed, especially during the
drought and depression years of the 1930's, leaving behind large areas denuded of vegetation.

In the late 1950's technology became available to build powerful electric pumps to irrigate
upland habitats on the benches above the Snake River.  Subsequently, large tracts of Artemisia-
dominated lands were developed for agriculture (Stacy 1991).  Currently, much of the upland
areas on the benches, as well as much of the Hagerman Valley are under cultivation.  Nearly
500,000 acres of the surrounding counties have been converted to cropland (J. Grover,
Consolidated Farm Services Agency, pers. comm.).  This amounts to 20% and 25% of the total
land acreage in Gooding and Twin Falls counties, respectively.  Uncultivated areas are generally
grazed with exception of the Hagerman Fossil Beds National Monument, which has not been
grazed since the early 1980's.

3.  Methods

3.1.  Cover Typing and Mapping

A cover type map was developed for the study area based on 27 vegetation, natural
feature and land use cover types categorized by the Habitat Evaluation Procedure (HEP).  This
classification system was chosen because it is a standard classification widely used by state and
federal agencies to classify land status (USFWS 1981) (Table 2 and Appendix 1).  Vegetation
cover types include riparian and upland vegetation.  Natural feature types include cliff and talus
slopes, barren lands, and open water.  Agriculture, grazing lands, and orchards were included in
land use cover types along with roads, urban areas, etc.  Wetland cover types correspond to the
classification system described by Cowardin et al. (1979).  One additional cover type, called the
Non-Emergent Herbaceous Wetland cover type, was created for non-emergent riparian
vegetation dominated almost exclusively by herbaceous species.  This category of vegetation
cover type was not part of the existing HEP classification.  Upland vegetation, natural features
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and land use were classified using existing HEP cover types as outlined in USFWS (1981). 
Impounded reaches of the river were typed as Lotic because the reservoirs are run-of-the-river. 
Photos were typed from stereo pairs with 60% image overlap.  A minimum distance of 500 m
from each bank was typed except when limited by the useable coverage of the aerial photographs.
 Cover type polygons were delineated from 1989 (1:6,000) true color aerial photographs, traced
onto Mylar overlays, identified, and ground truthed in September 1993.

Elevation contour lines of the study area were digitized from 7.5 minute U.S. Geologic
Survey (USGS) topographic maps using Arc/Info® 6.1.1.  Transparent orthophotoquads of the
study area were created at 1:12,000 scale (Nies Mapping Group, Bellevue, Wash.), utilizing the
elevation contour lines and 1:24,000 nominal scale aerial photography.  The orthophotoquads
were used for geometric control to digitize the  interpreted cover type polygons using standard
Arc/Info® digitizing techniques.  Polygon topology was created and each polygon was labeled. 
Fixed points located on the aerial photographs were used to "rubber-sheet" the polygons to
correct for distortion within the photographic images.  Points identifiable in the data layer and on
the orthophotoquads were marked as Arc/Info® links and the data layer was stretched into the
proper position.

3.2.  Vegetation Classification

In 1987, a draft cover type map was developed from aerial photography.  The
classification system was much simpler than the HEP system.  The 1987 draft maps identified two
vegetation cover types:  upland and riparian.  Based on the draft maps, 45 sampling points were
selected at random:  22 in upland vegetation and 23 in riparian vegetation.  Only sites occurring
within 1.6 km (1 mi) of the Snake River Canyon were included.  A preliminary protocol was
developed.  As the sampling effort expanded, the protocol was modified.  In total, 99 transects
were sampled.  Twenty-two were in upland vegetation and 77 were in riparian vegetation (Figure
3).  Subsequently, the cover types were remapped to conform to HEP.  A new cover type map
was developed in 1993 by the Idaho Department of Fish and Game under contract to Idaho
Power Company.  The modification of the map resulted in the identification of some types
previously unidentified on the draft map.  Consequently stratification among all cover types was
not accomplished, resulting in undersampling of some cover types.

3.2.1.  Upland Vegetation

A 100 m line transect was oriented in a randomly selected direction.  Roads, large trails or
other clearly defined modifications to the landscape were avoided.  If the random point fell on a
steep slope, the transect was placed perpendicular to the slope.  Species presence and cover were
determined for each transect.  
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Cover of upland species was determined using the 0.10 m2 quadrat (Daubenmire frame)
and six cover classes described by Daubenmire (1959).  Quadrats were placed at 1 m intervals
along the transect and cover of each species was estimated.  Cover estimates were made for
tracheophyte species and surface cryptogams (moss and lichen), rock, litter and rooted dead trees
and shrubs.  Inflorescences were not included in the cover estimate and grass cover was based on
the basal area of the plant (Floyd and Anderson 1982).  Woody upland species with height greater
than 5 m were classified as trees.  All other woody species were identified as shrubs.

3.2.2.  Riparian and Emergent Wetland Vegetation

The riparian vegetation was defined by the dominance of facultative and obligate wetland
species (see Reed 1988).  Along the Snake River, the riparian zone is usually composed of a
number of linear plant communities oriented parallel to the river.  These communities are
distinguished by their vegetative physiognomy (e.g., dominated by herbaceous or woody
vegetation, shrub or tree lifeforms), topographic position (e.g., adjacent to water, below the daily
water high mark) and edaphic-hydrologic conditions (e.g., soils in standing water; soils saturated
at or near the surface; soils below the mean annual high water mark, but not saturated; etc.).  The
communities were visually delineated in the field.  Transects were centered longitudinally in each.
 Commonly, more than one community was represented along a gradient from standing water to
upland vegetation.  In order to sample all communities present at a location, a ‘base’ transect 100
m long was placed parallel to the river bank.  Sampling occurred at 10 m intervals along the base
transect.  At each interval all plant communities occurring along a line placed perpendicular to the
base transect were identified.  The perpendicular line was always oriented along the moisture
gradient from wet to dry.  The width of each community was measured along the perpendicular
line.  Boundaries between communities were based on apparent changes in the physiognomy,
species dominance, edaphic, hydrologic and topographic characters defined earlier.  Once each
community along the perpendicular line was delineated, cover and frequency of all species
occurring on the line were estimated using the Daubenmire technique.  Four Daubenmire frames
were placed at regular intervals within the community using the following methods.  Communities
intercepted by the perpendicular lines for more than 3 m were sampled along the perpendicular
line.  Narrow communities intercepted by less than 1 m were sampled along an axis parallel to the
base transects with Daubenmire frames on either side of the perpendicular line.  Communities
larger than 1 m wide, but narrower than 3 m were sampled with two frames placed on either side
of the perpendicular line (Figure 4).  Using this design, a maximum of forty frames could be
sampled for each community.  Those communities that were not intercepted by all perpendicular
lines had fewer than forty frames.  Consequently the total number of frames sampled was related
to the frequency at which a particular community occurred along the base transect.  Cover
estimates for species occurring within a frame were made following the same protocol described
for upland vegetation sampling except woody riparian species with height greater than 6 m were
classified as trees.

3.3.  Analyses

3.3.1.  Cover Type Acreage
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Total acreage and relative abundance of each cover type occurring within 500 m of either
side of the Snake River were calculated.  Total acreage and relative abundance were also
calculated for all cover types present within the legally defined project boundaries associated with
each hydro-facility occurring within the study area.  Five hundred meters was the approximate
maximum typeable area on the aerial photos of the study area.

3.3.2.  Classification of Vegetation Data

Cover estimates for three physiognomic types (tree, shrub and herb) were calculated for
each upland transect and for each community encountered on a riparian transect.  The cover
estimates were then used to classify each transect or community into a HEP cover type based on
total cover and the abundance of one or more physiognomic types.  If two or more communities
from the same riparian transect fell within the same cover type, the data were combined.  Because
of the difficulty encountered in taxonomic identification of arboreal willow species growing along
the river, the species were treated as a single entity (Salix spp.).

Data representing a HEP cover type were classified into vegetation associations using
TWINSPAN (Two-Way-Indicator-Species-Analysis, Cornell Labs, Ithaca, NY).  Cover types that
were represented on fewer than three transects were excluded from classification analyses because
of the small sample size.  TWINSPAN is a polythetic, divisive method of classification that groups
species and transects by "progressive refinement of single axis ordination from reciprocal
averaging..." (Kent and Coker 1992).  Multiple dichotomies are created until no significant
dissimilarities are found within a group or a minimum sample size of three transects is reached. 
Generally, dichotomies beyond the third level are not considered in classification (Kent and Coker
1992, Gauch 1989, Jongman et al. 1987).  The strength of each dichotomy is measured using
eigenvalues calculated during each ordination.  Eigenvalues describe the amount of variation
explained by a particular ordination axis (Kent and Coker 1992, Gauch 1989, Jongman et al.
1987).  The larger the eigenvalue, the more variation is accounted for by the axis and the more
similar are members of the group relative to other groups.  Eigenvalues were used to determine
which dichotomies were the strongest.

Once all members of an association were defined, the average cover for the three
physiognomic groups, the average cover for each species, and the diversity and evenness for each
association and cover type were calculated.  The dominant species in each physiognomic layer
were identified and used to name the vegetation association.  In cases where two species from the
same physiognomic group were dominant both names were used.  In the title, species of the same
physiognomic group are separated by a hyphen; species from different physiognomic groups are
separated by a slash (sensu, Franklin and Dyrness 1988).  Diversity was measured using the
Shannon-Weiner Index (H') (Shannon and Weaver 1949, Pielou 1969):
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where pi = relative importance value of the ith species. 
Variance of H' (Magurran 1988) was calculated as:

where S is the total number of species and N is the total number of individuals sampled.  Evenness
(J) (Kent and Coker 1992) was calculated as:

where S is the total number of species.  The Shannon-Weiner index generally falls between 1.5
and 3.5 (Margalef 1972) while evenness can range between 0 and 1.0 (Magurran 1988).  Relative
cover and relative frequency of each species, expressed as a proportion and summed, were used
as an importance value.

A wide variety of plant species were found in each association.  Most of the species were
rare and sometimes found only on a few transects.  Cover values for most species, as represented
in these analyses, were depressed because they were reported as an average for all transects falling
within an association.  Frequency of occurrence across transects may be as useful as cover as an
indicator of representation within an association. Therefore relative frequency and average cover
were used together to identify dominant, characteristic species for each association.
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4.  Results

4.1.  Cover Type Map

The 500 m zone along each side of the river encompassed a total of 6250.0 ha.  All but
7.9% of the area was successfully typed.  Untyped areas occurred when aerial photos did not
provide sufficient coverage for photo interpretation to occur.  Within the typed area 14 vegetation
cover types, four natural feature cover types and nine land use cover types were identified (Figure
5).  Ponds, reservoirs and unimpounded river reaches accounted for 14.8% of the total area; cliffs
and talus slopes and naturally barren lands occupied 1.5% of the total area; land use cover types
occupied 21.6% of the total area, and vegetation cover types accounted for 54.3% (Table 3). 
Wetland/riparian vegetation cover types account for 6.8% of the total area and only 12% of the
area occupied by vegetation cover types.  Upland vegetation cover types account for 88% of the
vegetation cover types.  The most abundant cover type was Shrubland (1770.8 ha, 28.3%),
followed by Lotic (885.0 ha, 14.1%), and Shrub Savanna (553.5 ha, 8.9%) (Table 3).  The most
abundant land use cover types were Agriculture (500.7 ha, 8.0%), Grazing Land/Pasture (481.4
ha, 7.7%) and Disturbed (125.3, 2.0%).

Within the individual project boundaries, the most common cover types included Lotic
(37.5 ha, 25.4%), Shrubland (30.2 ha, 20.5%), and Scrub-Shrub Wetland (16.7 ha, 11.3%) cover
types at Upper Salmon Falls and Lower Salmon Falls hydroelectric projects (300.1, 83.1%; 16.5
ha, 4.6%; and 13.8 ha, 3.8%; respectively) and Lotic (109.5 ha, 63.7%), Shrubland (19.9 ha,
11.6% and Shrub Savanna (12.9 ha, 7.5%) at the Bliss Project (Table 4).  Riparian and emergent
wetland cover types were less common in the Bliss Project Area than elsewhere. The poorly
vegetated Shore & Bottomland Wetland cover type occurred only in the Bliss Project Area.  The
Desertic Herbland, Forested Upland and Urban cover types were absent within the projects’
boundaries although present within the study area.

4.2.  Association Classification

Twenty six plant associations, from 10 cover types, were delineated from the vegetation
data (Table 5).  Three cover types were not sampled sufficiently to determine what plant
associations were affiliated with them because of their rarity.  These include Forested Upland,
Tree Savanna and Desertic Woodland.  Two cover types, Desertic Shrubland and Grassland
cover types, were not represented in the vegetation data base.  Salix exigua occurs as a
significant component in 65% of the riparian and emergent wetland associations defined in this
study and almost half of the associations are dominated by Salix exigua.  In upland associations,
Bromus tectorum was the most common understory species.
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4.2.1.  Emergent Herbaceous Wetland Cover Type

Criteria for the Emergent Herbaceous Wetland cover type included total cover greater
than 30% and woody cover less than 30% (Appendix 1).  A total of 52 species composed the
flora of this cover type.  Average total cover was 56.2% (±19.8).  Average tree cover was 0.4%
(±1.5), shrub cover was 3.7% (±6.4), and herbaceous cover was 52.3% (±18.8).  The diversity of
the Emergent Herbaceous Wetland cover type along the middle Snake River was low (H'=1.2,
Var (H')=2.5). 

Four associations were delineated (Appendix 2):  Nasturtium officinale-Polygonum
persicaria association (watercress-ladysthumb), Scirpus acutus-Veronica anagallis-aquatica
(hardstem bulrush-water speedwell), Scirpus acutus-Lemna sp. association (hardstem bulrush-
duckweed), Scirpus acutus-Lemna sp.-Solanum dulcamara association (hardstem bulrush-
duckweed-deadly nightshade) (Table 6).  The four associations broke into two general groups,
shallow water/shoreline habitat (N. aquaticum-P. persicaria) and deeper water (S. acutus
associations).  Scirpus acutus was the most common emergent species encountered on the middle
Snake River.  With one exception, all Scirpus-dominated transects were found on impounded
reaches in the study area while the N. aquaticum-P. persicaria transects were found primarily on
unimpounded reaches.

Nasturtium officinale-Polygonum persicaria

Total vegetative cover averaged 54.8% (Table 6).  Herbaceous species dominated
(average cover 53.5%).  Woody species occurred occasionally as overhanging vegetation.  Salix
exigua was the most abundant woody species occurring in this association (average cover=2.5%).
 Nasturtium officinale was the most abundant herbaceous species sampled, followed by
Polygonum persicaria, Bidens frondosa (beggars-ticks) and Veronica anagallis-aquatica. 
Although cover was low (average=2.2%), Polypogon monspeliensis (rabbitsfoot grass) occurred
most consistently across all transects.  All five species were typically found along the shoreline of
the Snake River in shallow water.  Most (65%) of the species present were native.  The number of
species per transect ranged from 6 to 35.  Diversity was low (H'=1.5, Var(H')=1.1).  Most of the
species encountered were rare, thus evenness was low (J=0.34).

Scirpus acutus-Veronica anagallis-aquatica

Total vegetative cover averaged 47.2% (Table 6).  As for other members of this cover
type, woody species were rare and occurred as overhanging vegetation.  Salix exigua was the
most commonly occurring woody species.  Dead woody vegetation was commonly encountered. 
Herbaceous vegetation was dominated by S. acutus with V. anagallis-aquatica as a commonly
co-occurring species.  Typha latifolia (common cattail) also occurred frequently, although
generally at low cover values.  Numerous shoreline species occurred in very low abundance, but
were encountered along many of the sampled transects.  These included Polypogon
monspeliensis, N. officinale and Lycopus asper (rough bugleweed).  Just over half (54%) of the
species present were native.  The number of species per transect ranged from 13 to 31.  Diversity
was low (H'=1.2, Var(H')=0.8).  Species were not evenly abundant (J=0.3).
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Scirpus acutus-Lemna sp.

Total vegetative cover averaged 60.3% (Table 6).  This association was dominated by a
floating vascular plant, Lemna sp. (Table 6).  The abundance of S. acutus was similar to that of
the S. acutus-V. anagallis-aquatica association, but V. anagallis-aquatica was nearly absent. 
Overhanging shrub cover was very low and dominated by Salix exigua.  Solanum dulcamara
occurred frequently, but at low cover.  Most (62%) of the species encountered were native.  The
number of species per transect ranged from 4 to 10, the lowest number of all associations in the
Emergent Herbaceous Wetland cover type.  Diversity was low (H'=1.2, Var(H')=0.2) and species
were uneven in abundance (J=0.4).

Scirpus acutus-Lemna sp.-Solanum dulcamara

Total vegetative cover averaged 79.3%  (Table 6).  Herbaceous species, particularly
Scirpus acutus and Lemna sp., dominated the association.  There was very little overhanging
woody vegetation. The tree species of the genus Salix were the most common woody species
present (average cover=3.3%).  Scirpus acutus was more abundant in this association than in any
other of the Emergent Herbaceous Wetland cover types.  Lemna sp., Solanum dulcamara,
Typha latifolia and Lythrum salicaria (purple loosestrife) account for most of the remaining
herbaceous cover.  More than half (62%) of the species encountered were native.  The number of
species per transect ranged from 9 to 13.  Diversity was low (H'=1.5, Var(H')=0.4).  Species were
uneven in abundance (J=0.4).

4.2.2.  Non-Emergent Herbaceous Wetland Cover Type

Criteria for the Non-Emergent Herbaceous Wetland cover type included total cover
greater than 30%, herbaceous cover greater than 30%, woody cover less than 30% and vegetation
must be dominated by non-emergent vegetation (Appendix 1).  A total of 190 species composed
the flora of this cover type.  Average total cover was 67.2% (±25.4).  Average tree cover was
0.8% (±1.7), shrub cover was 10.9% (±9.0), and herbaceous cover was 55.6% (±25.2).  Three
associations were distinguished (Appendix 3):  Salix exigua/Melilotus alba association (coyote
willow/white sweetclover), Chenopodium album association (lambsquarter), and Dipsacus
fullonum/Bromus tectorum association (teasel/downy brome) (Table 5).  In general, the
Non-Emergent Herbaceous Wetland cover type tended to be among the most diverse (H'=2.0,
Var(H')=2.6) of the cover types described in this study.

Salix exigua/ Melilotus alba-Dipsacus fullonum

Total vegetative cover averaged 70.1% (Table 7).  Woody species had a low total cover
(average cover approximately 11.0%).  Trees were rare.  Salix exigua was the dominant shrub
species, sharing dominance with the herb, Melilotis alba (white sweetclover).  Dipsacus
fullonum (teasel), Euthamia occidentalis (western goldenrod) and Polypogon monspeliensis
occurred frequently, although at lower abundances than M. alba.  It was not uncommon for
substantial areas of rocky substrate to be exposed (cover=17.5%).  Native species accounted for
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46% of the species sampled.  The number of species per transect ranged from 13 to 59.  Diversity
was moderate (H'=2.1, Var(H')=2.0).  Evenness was low (J=0.4).

Chenopodium album

Total vegetative cover averaged 60.0% (Table 7).  Chenopodium album was the
predominant species sampled on these transects.  It accounted for half of the average total
herbaceous cover (54.3%) and had the highest frequency of occurrence.  Woody species,
especially trees, were rare.  Salix exigua was the most common woody species present with an
average 3.1% cover.  Cirsium arvense (Canada thistle) and Scirpus acutus were also commonly
encountered.  Slightly over half (52%) the species sampled were native.  The number of species
per transect ranged from 16 to 2.  Diversity was low (H'=1.5, Var(H')=0.3) as was evenness
(J=0.4).

Dipsacus fullonum/Bromus tectorum

Total vegetative cover averaged 60.4% (Table 7).  This association was strongly
dominated by weedy, exotic species.  Tree cover was uncommon.  Fraxinus pennsylvanica
(green ash) was the only tree species encountered and it occurred on one transect.  Numerous
shrub species were present, accounting for 14% total cover, although none were widespread. 
Artemisia tridentata, Chrysothamnus nauseosus (gray rabbitbrush) and Purshia tridentata
(antelope bitterbrush) were present in low abundance on nearly half the transects.  Herbaceous
species dominated, accounting for 44.7% cover.  The most abundant species was Dipsacus
fullonum, followed by Bromus tectorum.  Lycopus asper, Euthamia occidentalis and Rumex
crispus (curly dock) were widespread, though low in abundance.  Only 44% of the species
present were native.  The number of species per transect ranged from 8 to 34.  Diversity was low
(H'=1.9, Var(H')=0.8) as was evenness (J=0.4).

4.2.3.  Shore & Bottomland Wetland Cover Type

Criteria for the Shore & Bottomland Wetland cover type are less than 30% total cover,
and total woody cover is less than 30% (Appendix 1).  The cover type can apply to emergent
wetland and riparian vegetation.  One emergent association, Scirpus acutus-Typha latifolia
association (hardstem bulrush-common cattail), and one non-emergent riparian association,
Bromus tectorum-Euthamia occidentalis association (downy brome-western goldenrod), were
delineated (Appendix 4, Table 5).  Diversity of the Shore & Bottomland Wetland cover type was
very low (H'=0.9, Var(H')=0.6).

Scirpus acutus-Typha latifolia

Total vegetative cover averaged 17.2% (Table 8).  Trees were absent and shrubs were
rare.  Average herbaceous cover was very low (16.3%).  Scirpus acutus and T. latifolia share
dominance although Scirpus acutus was more widespread among the transects.  All remaining
herbaceous species were rare.  Most (67%) of the species encountered were native.  The number
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of species per transect ranged from 2 to 17.  Diversity was very low (H'=0.7, Var(H')=0.3) and
the dominance of S. acutus and T. latifolia created a very uneven distribution of species (J=0.2).

Bromus tectorum-Euthamia occidentalis

Total vegetative cover averaged 24.9% (Table 8).  High rock cover (48.1%) limited the
potential for colonization of the shore wetlands included in this association.  Trees were absent. 
Shrub cover was 3.4%.  Herbaceous species dominated this association.  None of the herbaceous
species present were abundant.  Bromus tectorum occurred widely, followed by Euthamia
occidentalis.  The remaining species were uncommon, although several were widespread.  Exotic
species dominated, accounting for 60% of the species present.  The number of species present
ranged from 11 to 27.  Diversity was low (H'=1.2, Var(H')=0.3).  Species were unevenly
distributed (J=0.3).

4.2.4.  Scrub-Shrub Wetland Cover Type

Criteria for the Scrub-Shrub Wetland cover type included total cover greater than 30%,
shrub cover equal to or greater than 30%, or tree and shrub cover less than 30% each when total
woody cover exceeds 30% (Appendix 1).  A total of 174 species composed the flora of this cover
type.  Average total cover was 98.6% (±27.5).  Average tree cover was 5.3% (±7.4), shrub cover
was 55.7% (±24.6), and herbaceous cover was 37.7% (±24.0).  Three associations were identified
(Appendix 5):  Rhus trilobata-Rosa woodsii/Bromus tectorum association (squawbush-Wood's
rose/downy brome), Salix exigua/Dipsacus fullonum/Solanum dulcamara association (coyote
willow/teasel/deadly nightshade), and the Elaeagnus angustifolia-Salix exigua/Solanum
dulcamara association (Russian olive-coyote willow/deadly nightshade) (Table 5).

Diversity of the Scrub-Shrub Wetland cover type was among the highest of all cover types
sampled in the study area (H'=2.0, Var(H')=1.8).

Rhus trilobata-Rosa woodsii/Bromus tectorum

Total cover averaged 92.8% (Table 9).  Trees were present in low abundance.  The
dominant tree species was Celtis reticulata (netleaf hackberry).  Shrubs were clearly dominant
(average cover = 67.7%).  Rhus trilobata (squawbush) was the most abundant shrub followed by
Rosa woodsii, Salix exigua, Ribes aureum (golden currant) and Toxicodendron radicans
(poison ivy) (Table 9).  The herbaceous understory was dominated by only a few species, none of
which were abundant.  The most frequently occurring herbaceous species was Bromus tectorum.
 Dipsacus fullonum,  Melilotus alba and Solanum dulcamara were nearly as abundant, but not
as widely distributed among transects as Bromus tectorum.  Fifty percent of the species present
were native.  The number of species per transect ranged from 5 to 29.  Diversity was low (H'=1.6,
Var(H')=0.5).  The abundance of species was uneven (J=0.4).
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Salix exigua/Dipsacus fullonum-Solanum dulcamara

Total cover averaged 91.4% (Table 9).  Woody and herbaceous layers contributed equally
to ground cover for this association.  Trees were uncommon and Fraxinus pennsylvanica was
the most frequently occurring tree species.  Celtis reticulata and Salix spp. occurred occasionally.
 Salix exigua was the most abundant shrub species occurring in the association.  Ribes aureum,
Toxicodendron radicans and Rhus trilobata occurred fairly frequently among transects, although
average cover values tended to be low.  The herbaceous understory was dominated by the exotic
species Dipsacus fullonum and Solanum dulcamara.  Euthamia occidentalis and Apocynum
cannabinum (dogbane), native herbs, also occurred frequently.  Although low in abundance,
Rumex crispus, Bromus tectorum and Cirsium arvense were some of the most widespread
herbaceous species present.  The exotic vine, Solanum dulcamara, occurred more widely than
most forb species.  Nearly one half (49%) of the species encountered were native.  The number of
species per transect ranged from 17 to 47.  Diversity was moderate (H'=2.2, Var(H')=0.7) and
species abundances were distributed evenly (J=0.5).  This association generally occurred in
unimpounded reaches of the study area:  11 of the 13 transects sampled were on the Wiley and
Dike Reaches.

Elaeagnus angustifolia-Salix exigua/Solanum dulcamara

Total cover averaged 109.4% (Table 9).  Shrubs dominated the association with 59.4% of
the total cover.  Trees were uncommon (average cover=6.3%).  Salix spp. was the most
dominant of the four tree species encountered.  Elaeagnus angustifolia and Salix exigua shared
dominance among shrub species.  Elaeagnus angustifolia provided the greatest cover and S.
exigua had a higher frequency of occurrence.  Other shrubs occurring in the association included
Rosa woodsii, Rhus trilobata, and Ribes aureum.  Dipsacus fullonum, Chenopodium album,
Cirsium arvense, Euthamia occidentalis, and Lycopus asper were the most common herbaceous
species encountered.  Solanum dulcamara  occurred more widely than any other species and was
more abundant than any forbs.  Over half (56%) of the herbaceous species encountered were
native.  The number of species per transect was ranged from 5 to 41.  Diversity was moderate
(H'=2.4, Var(H')=1.2).  Because a number of species were dominant, evenness was moderate
(J=0.5).

4.2.5.  Forested Wetland Cover Type

The criteria for the Forested Wetland cover type were total cover greater than 30% and
tree cover equal to or greater than 30% (Appendix 1).  Trees are all woody species greater than 6
m tall.  A total of 80 species composed the flora of this cover type.  Average total cover was
122.3% (±27.7).  Average tree cover was 58.0% (±18.3), shrub cover was 35.0% (±24.2), and
herbaceous cover was 29.3% (±29.5).  The Forested Wetland associations were among the most
diverse encountered in the study area.  Three riparian communities were delineated (Appendix 6):
 Salix spp./Rosa woodsii/Solanum dulcamara association (willow (mixed species)/Wood's
rose/deadly nightshade), Celtis reticulata/Rhus trilobata/Bromus tectorum association (netleaf
hackberry/squawbush/downy brome), and Celtis reticulata/Bromus tectorum association (netleaf
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hackberry/downy brome) (Table 5).  A fourth association, Betula occidentalis (water birch), was
also found along the river, but was not sampled.  A description of  the Betula occidentalis
association is provided in Appendix E.3.2-M.  Overall, the Forested Wetland cover type had
moderate diversity, although it was among the most diverse compared to other cover types
present in the study area (H'= 1.8, Var(H')=0.6).

Salix spp./Rosa woodsii/Solanum dulcamara

Total vegetative cover averaged 142.4% (Table 10).  Salix tree species dominated this
association.  Other species of trees were encountered during sampling, all escaped ornamental
species, but they were extremely rare in this association.  Rosa woodsii was the most abundant
shrub species followed by Toxicodendron radicans, Salix exigua, Elaeagnus angustifolia,
Rhus trilobata and Ribes aureum.  Solanum dulcamara was widespread and abundant.  Among
the multitude of herbaceous species that occurred, Dipsacus fullonum and Euthamia
occidentalis were the most abundant.  The number of species per transect ranged from 21 to 36. 
Less than half (47%) of the species sampled were native.  Diversity was the highest of any of the
associations described for the study area (H'=2.9, Var(H')=0.3).  Species dominance was
moderately even (J=0.7).

Celtis reticulata/Rhus trilobata/Bromus tectorum

Total vegetative cover averaged 110.3% (Table 10).  The dominant tree species was
Celtis reticulata.  Two other species of tree were encountered during sampling, both escaped
ornamental species, but they were extremely rare in this association.  The woody understory
component was well developed.  Rhus trilobata was the most common shrub, followed by
Toxicodendron radicans and Ribes aureum.  Herbaceous cover was low (average cover was
10.1%) and dominated by Bromus tectorum.  Fifty-nine percent of the species encountered were
native.  The number of species per transect ranged from 11 to 15.  Diversity was low (H'=1.6,
Var(H')=0.2).  Evenness was moderate (J=0.5).

Celtis reticulata/Bromus tectorum

Total vegetative cover averaged 94.4% (Table 10).  Celtis reticulata was the only tree
species encountered.  The woody understory component was poorly developed.  Ribes aureum
was the only shrub species that occurred.  Herbaceous cover was lowest of all three Forested
Wetland associations (average cover was 3.4%) and was dominated by Bromus tectorum and
Melilotus alba.  Only 43% of the species sampled were native.  The number of species per
transect was very low, ranging from 3 to 5.  Subsequently, diversity was very low (H'=0.6,
Var(H')=0.1) and evenness was very low (J=0.3).

4.2.6.  Forested Upland Cover Type
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Criterium for the Forested Upland cover type was tree cover greater than 25% for
transects sampled in upland and riparian-to-upland transitional zones (Appendix 1).  Only four
transects met the criteria.  A total of 31 species composed the flora of this cover type.  Average
total cover was 112.0% (±13.6).  Average tree cover was 62.0% (±23.2), shrub cover was 30.5%
(±23.6), and herbaceous cover was 19.5% (±22.3).  Two transects were dominated by Celtis
reticulata and two were dominated by Salix spp.  Insufficient information was available to
describe either of these possible associations.

4.2.7.  Tree Savanna Cover Type

Criteria for the Tree Savanna cover type included total cover greater than 25%, tree cover
more than 5%, but less than 25%, and tree cover greater than shrub cover (Appendix 1).  Three
transects met the definition of the cover type.  Each transect was dominated by different
vegetation, thus combining these into a single association was not appropriate.  A total of 48
species composed the flora of this cover type.  Average total cover was 55.5% (±28.3).  Average
tree cover was 14.1% (±4.5), shrub cover was 3.7% (±3.2), and herbaceous cover was 37.8%
(±30.5).

4.2.8.  Shrubland Cover Type

Criteria for the Shrubland cover type included shrub cover (woody species <5 m tall)
equal to or greater than 25% and tree cover less than 25% (Appendix 1).  A total of 122 species
composed the flora of this cover type.  Average total cover was 7.5% (±31.4).  Average tree
cover was 1.9% (±3.9), shrub cover was 58.8% (±24.9), and herbaceous cover was 26.9%
(±26.9).  One upland association and three riparian associations met the definition of this cover
type (Appendix 7).  The upland association was an Artemisia tridentata/Bromus tectorum
association (big sagebrush/downy brome), and the three riparian associations included:  Salix
exigua-Rhus trilobata/Bromus tectorum  association (coyote willow-squawbush/downy brome),
Elaeagnus angustifolia/Chenopodium album association (Russian olive/lambsquarter), and
Salix exigua/Melilotus alba association (coyote willow/white sweetclover) (Table 5).  The
Shrubland cover type appeared to have low diversity (H'=1.5, Var(H')=1.8).

Artemisia tridentata/Bromus tectorum

Total vegetative cover averaged 46.6% (Table 11).  No tree species occurred on the
transects sampled.  Artemisia tridentata was the dominant shrub species.  Chrysothamnus
nauseosus, Sarcobatus vermiculatus (greasewood), and Grayia spinosa (spiny hopsage)
occurred occasionally.  The understory was composed primarily of Bromus tectorum.  Poa
secunda (Sandberg's bluegrass) was the most abundant native herbaceous species sampled.  Most
(61%) of the species encountered were native.  The number of species per transect ranged from 4
to 14.  Diversity was low (H'=0.9, Var(H')=0.2).  This vegetation association was dominated by a
few species (J=0.2).
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Salix exigua-Rhus trilobata/Bromus tectorum

Total vegetative cover averaged 100.1%  (Table 11).  Tree cover occurred in 16% of all
sample quadrats, but no species were dominant.  Salix spp. trees were the most common trees,
followed by Ulmus pumila (Siberian elm), and Morus alba (white mulberry).  Nearly three-
quarters of the cover was accounted for by shrubs.  Salix exigua and Rhus trilobata co-
dominated this association.  Several other species of shrubs also occurred including Rosa woodsii,
Elaeagnus angustifolia, Toxicodendron radicans and Ribes aureum.  Average cover of
herbaceous species was low (19.2%).  Bromus tectorum was the most frequently encountered
herbaceous species followed by Glycyrrhiza lepidota and Dipsacus fullonum.  Native species
composed 55% of the species encountered.  The number of species occurring on each transect
ranged from 6 to 20.  Diversity was low (H'=1.6, Var(H')=0.6).  Evenness was moderate (J=0.6).

Elaeagnus angustifolia/Chenopodium album

Total vegetative cover averaged 91.0% (Table 11).  Elaeagnus angustifolia clearly
dominated the shrub layer followed by Salix exigua and Rosa woodsii.  No trees were
encountered during sampling.  Herbaceous species accounted for 24.3% cover.  The herbaceous
species present were diverse, but individually, never abundant.  None were common to every
transect.  Chenopodium album and Bromus tectorum were the most common herbaceous
species present.  Distichlis spicata (inland saltgrass) occurred frequently.  Native species
composed 57% of the flora encountered.  The number of species per transect ranged from 2 to
16.  Diversity was low (H'=1.3, Var(H')=0.4) and evenness was moderate (J=0.7). 

Salix exigua/Melilotus alba

Total vegetative cover averaged 110.0% (Table 11).  Salix exigua was the most dominant
shrub species encountered.  Other shrub species, including Elaeagnus angustifolia, occurred at
much lower frequency and cover.  All together shrubs accounted for slightly less than one-half of
the total cover.  Trees were very rare (average cover=0.7%).  Herbaceous species provided
slightly higher coverage (59.7%) than shrubs (49.6%).  Melilotus alba clearly dominated the
herbaceous species, followed by Glycyrrhiza lepidota, Euthamia occidentalis, and Apocynum
cannabinum.  Solanum dulcamara occurred frequently on the transects sampled.  Native
species make up about 54% of all species present.  The number of species per transect ranged
from 17 to 29.  Diversity was moderate (H'=2.0, Var(H')=0.4).  Species were distributed very
unevenly (J=0.2).

4.2.9.  Shrub Savanna Cover Type

Criteria for the Shrub Savanna cover type included total cover greater than 25%, shrubs
(woody species < 5 m tall) more than 5% and less than 25% cover and shrub cover greater than
tree cover (Appendix 1).  A total of 138 species composed the flora of this cover type.  Average
total cover was 55.1% (±26.6).  Average tree cover was 1.2% (±1.9), shrub cover was 15.6%
(±4.9), and herbaceous cover was 38.4% (±26.5).  Three riparian associations were delineated
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(Appendix 8):  mixed shrub/Glycyrrhiza lepidota association (mixed shrub/Nuttall's licorice);
Salix exigua/Melilotus alba association (coyote willow/white sweet clover); the Dipsacus
fullonum/mixed shrub (teasel/mixed shrub association) that combined traditionally riparian and
upland vegetation; and two upland associations:  Artemisia tridentata/Bromus tectorum
association (big sagebrush/downy brome) and the Chrysothamnus nauseosus/Bromus tectorum
association (gray rabbitbrush/downy brome) (Table 5).  As a whole, the Shrub Savanna cover
type had low diversity (H'= 1.4, Var(H')=2.2).

Mixed shrub/Glycyrrhiza lepidota

Total vegetative cover averaged 41.1% (Table 12).  Tree species were rare.  A number of
shrub species were found at low abundances in this group.  Toxicodendron radicans, Rosa
woodsii, Artemisia ludoviciana (Louisiana sagebrush), Salix exigua, Rhus trilobata, and Ribes
aureum occurred on 50% of the transects and each contributed 3% or less cover.  Herbaceous
species, especially Cirsium arvense and Glycyrrhiza lepidota, were fairly abundant.  Bromus
tectorum occurred on every transect although at low cover.  Fifty-nine percent of the species
present were native.  The number of species per transect ranged from 7 to 25.  Diversity was low
(H'=1.3, Var(H')=0.5) and dominance was shared by only a few species resulting in a low
evenness (J=0.3).

Salix exigua/Melilotus alba

Total vegetative cover averaged 74.6%, most of it herbaceous (Table 12).  Tree species
were rare.  The woody component was made up almost exclusively of Salix exigua.  The
understory was strongly dominated by the weedy, exotic annual Melilotus alba.  The number of
species per transect ranged from 11 to 23.  Native species composed 33% of the flora.  Diversity
was low (H'=1.5, Var(H')=0.4) and dominance was shared by only a few species resulting in little
evenness (J=0.4).

Dipsacus fullonum/Mixed shrub

Total vegetative cover averaged 88.6% (Table 12).  This association encompassed
vegetation occurring in the transitional zone between upland and riparian species.  Only a small
number of transects were classified into this association so the group was not well defined.  Three
tree species were encountered.  Each had average cover values less than 1% and occurred only
once.  The dominant species in common among the transects that define the association were
Chrysothamnus nauseosus, Dipsacus fullonum, Euthamia occidentalis, Melilotus alba, and
Solanum dulcamara.  Elaeagnus angustifolia was the dominant shrub species on two transects;
Purshia tridentata (antelope bitterbrush) was the dominant shrub on the remaining transect. 
Native species composed 52% of the species occurring in this association.  The number of species
per transect ranged from 30 to 43.  Moderate diversity and evenness characterized this association
(H'=2.46, Var(H')=0.41; J=0.67).

Artemisia tridentata/Bromus tectorum
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Total vegetative cover averaged 53.7%  (Table 12).  Celtis reticulata was the only tree
species that occurred on the transects sampled.  Artemisia tridentata was the dominant shrub
species with occasional occurrences of Chrysothamnus nauseosus.  Purshia tridentata, Atriplex
canescens (fourwing saltbush), Elaeagnus angustifolia, Chrysothamnus nauseosus, and Rhus
trilobata occurred infrequently.  Dead shrubs were a prominent part of the vegetation, providing
over one-half the average cover of Artemisia tridentata.  The understory was composed almost
entirely of exotic, annual herbs:  Bromus tectorum, Erodium cicutarium (crane's bill), and
Sisymbrium altissimum (jim-hill mustard).  Poa secunda was the most abundant native herb
sampled.  Sixty-four percent of the species encountered were native.  The number of species per
transect ranged from 8 to 15.  Diversity was low (H'=1.2, Var(H')=0.3) and only a few species
were dominant (J=0.3).

Chrysothamnus nauseosus/Bromus tectorum

Total vegetative cover averaged 38.4% (Table 12).  Trees were absent.  Six shrub species
occurred in this association.  Of the six, only two species were common.  Chrysothamnus
nauseosus was the most frequently occurring shrub species, followed by Chrysothamnus
viscidiflorus (green rabbitbrush).  Grayia spinosa (spiny hopsage) and Artemisia tridentata
contributed to the diversity of shrubs in this association.  Similar to the Artemisia
tridentata/Bromus tectorum association, the understory was dominated by exotic annuals. 
Bromus tectorum and Sisymbrium altissimum were the most widespread and abundant species
of the herbaceous component.  Stipa comata (needle-and-thread grass), Poa secunda and
Oryzopsis hymenoides (Indian ricegrass) were native bunchgrasses that were fairly common
although low in abundance.  Nearly 66% of the species present were native.  Diversity was low
(H'=1.0, Var(H')=0.4).  A few species were dominant, thus evenness was low (J=0.3).

4.2.10.  Forbland Cover Type

Criteria for the Forbland cover type included total cover equal to or greater than 25% and
non-graminoid species dominate (Appendix 1).  A total of 83 species composed the flora of this
cover type.  Average total cover was 71.0% (±27.1).  Average tree cover was 0.2% (±0.9), shrub
cover was 1.8% (±1.8), and herbaceous cover was 68.9% (±26.6).  One riparian association was
identified (Appendix 9):  Melilotus alba-Dipsacus fullonum association (white sweetclover-
teasel) (Table 5).  One upland transect occurred in the Forbland cover type, therefore there was
insufficient information to develop a description of the upland Forbland cover type.  Although the
Shannon-Weiner index of the Forbland cover type was low, it was intermediate among the cover
types described in this text (H'= 1.6, Var(H')=0.8).
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Melilotus alba-Dipsacus fullonum

Total vegetative cover averaged 73.4% (Table 13).  Tree cover was virtually absent
(average cover = 0.2%) and shrub species occurred infrequently (average cover = 2.2%). 
Melilotus alba and Dipsacus fullonum, two exotic species, were the most abundant herbaceous
species, followed by a native forb, Euthamia occidentalis.  Native species made up 68% of all
species encountered.  The number of species per transect ranged from 7 to 29.  Diversity was low
(H'=1.7, Var(H')=0.8).  Because only three species were abundant, distribution of species was
uneven (J=0.4).

4.2.11.  Desertic Herbland Cover Type

Criteria for the Desertic Herbland cover type included total cover less than 25% and
herbaceous cover must account for more than 50% of the total cover (Appendix 1).  Data were
analyzed for transects sampled in upland and riparian-to-upland transitional zones.  A total of 48
species composed the flora of this cover type.  Average total cover was 19.2% (±3.8).  Tree
cover was absent, shrub cover was 1.7% (±3.3), and herbaceous cover was 17.5% (±3.8).

Two associations were delineated (Appendix 10), however, one association was based
only on two transects which is insufficient to provide an accurate description.  The association
that was distinguished was a Bromus tectorum-Sisymbrium altissimum association (downy
brome/jim-hill mustard) (Table 5).  The Desertic Herbland cover type was characterized by poor
diversity (H'=0.8, Var(H')=0.4) and was among the lowest diversity indices reported for the cover
types described for the Hagerman Study Area.

Bromus tectorum-Sisymbrium altissimum

Total cover averaged 19.6% (Table 14).  Trees were absent and shrub species were very
rare.  All of the herbaceous species present had an average cover of less than 5%.  Bromus
tectorum was the most frequently occurring species, followed by Sisymbrium altissimum.  All
remaining species occurred on one or two transects only.  Most (64%) of the herbaceous species
encountered were native.  The number of species per transect from 7 to 12.  Diversity was low
(H'=0.8, Var(H') =0.2) and evenness was low (J=0.2).

5.  Discussion

Riparian vegetation of the western United States typically forms narrow bands along
stream courses in an otherwise arid environment (Malanson 1993, Mitsch and Gosselink 1993). 
This pattern is clearly established along the Snake River in the Hagerman Study Area (Figure 5)
where only 12% of the landscape in the area delineated is riparian or wetland in nature.
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Other patterns are apparent from the cover type map of the study area.  The Forested
Wetlands cover type demonstrated a marked distribution along the upstream portion, in the
vicinity of Upper and Lower Salmon Falls Project Area (Table 4).  The reasons for the
distribution pattern have yet to be determined.  Edaphic and topographic data have been collected
by IPC in order to elucidate the parameters most likely responsible for the distribution of riparian
and wetland plant species.  The results of that study may be helpful in understanding the
vegetation landscape patterns in the Hagerman Study Area.

Another cover type, Shore & Bottomland Wetland, shows a distinct distribution along the
downstream portion of the study area in the vicinity of Bliss Reservoir and the Dike Reach (Table
4).  In this portion, the aquatic system directly interfaces with the basalt parent material.  Little
deposition of fine sediments has occurred, therefore, vegetation establishment has been poor.  The
soils in the Bliss Project Area are well drained, stony (basalt ash) and fine sandy loams with low
water holding capacity (Noe 1991).  Limited lateral movement of moisture across the soil face
results in extremely narrow wetted zones along the river margins and little opportunity for
wetland and riparian development.

The vegetation cover types were classified into the numerous plant associations found in
the study area.  Twenty-six associations were classified by species dominance resulting in five
emergent wetland, 17 riparian and four upland associations.  Salix exigua occurs as a significant
component in 65% of the riparian and emergent wetland associations.  Almost half of those
associations were dominated by Salix exigua.  Salix exigua is commonly dominant in the riparian
vegetation of the Intermountain Region.  The dominance is related in part to the highly
competitive, colonial nature of the species (Goodrich 1992).  Being shade intolerant, Salix exigua
is highly adapted to most forms of disturbance, especially repeated fluvial disturbance (Hansen
1992).  In upland associations, Bromus tectorum was the most common understory species
suggesting a history of disturbance (Mack 1989), and the possible spread into adjacent,
undisturbed areas as well (Heywood 1989).

Within the middle Snake classification there are associations that are similar in
composition but have been classified into separate communities because of differences in lifeform
abundances, e.g., the Artemisia tridentata/Bromus tectorum upland associations found in the
Shrubland and Shrub Savanna cover types.  By definition the former has greater shrub cover, but
the latter had more shrub species present that respond positively after disturbances
(Chrysothamnus nauseosus and C. viscidiflorus).  In addition, the Shrub Savanna association
has a prominent coverage of standing dead shrubs.  Another principal difference between the two
associations is the abundance of annual, exotic weeds in the understory of the Shrub Savanna
plant association.  The abundance of annual weeds and disturbance-tolerant shrubs, coupled with
the abundance of dead, standing shrubs suggested the Shrub Savanna association may be a more
severely or more recently disturbed form of the Shrubland plant association.

Two plant associations described in this report appear to be similar to others reported by
Huschle (1975) for the Hells Canyon of the Snake River.  The Elaeagnus angustifolia-
Chenopodium album associations in the Hells Canyon and the Hagerman Study Area were
similar in the abundance of the common species, but the association in the Hagerman Study Area
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was more diverse.  Furthermore, Bromus tectorum was absent from the Hells Canyon
association.  The upland plant association, Chrysothamnus nauseosus/Bromus tectorum, of the
Hagerman Study Area appeared to be equivalent to the Chrysothamnus nauseosus/Bromus
tectorum community of Hells Canyon.  Like many of the associations of the Shrub Savanna cover
type, the Chrysothamnus nauseosus/Bromus tectorum association appeared to be disturbed. 
The low abundance of Artemisia tridentata, the high frequency of occurrence of C. nauseosus
and the presence of several species of native bunchgrass suggested that the principal source of
disturbance has been fire.  Chrysothamnus spp., Poa secunda, Oryzopsis hymenoides and Stipa
comata are known to resprout after fire while Artemisia tridentata typically is killed by fire
(Daubenmire 1968).

Natural disturbances can influence the composition and abundance of native vegetation. 
For example, the frequent occurrence of two upland species, Artemisia tridentata and
Chrysothamnus nauseosus, within the riparian zone may have resulted from the drought
conditions experienced prior to and during the study period.  Neither species is flood tolerant. 
The unusually dry climatic conditions that occurred during the study period reduced the
opportunity for floods that would have killed the upland species growing within the flood zone.

The Palmer Drought Severity Index (PDSI) can be used to demonstrate the development
of drought conditions during the study period (Figure 6).  The PSDI is a standardized technique
used to monitor drought and moisture periods (A. Gorsky, National Weather Service, Boise, ID,
pers. comm.)  The index is based on long term climatic data, soil moisture characteristics,
potential evaporation estimates, runoff, and precipitation estimates for a particular region (Denny
and Heddinghaus 1987).  Although limited by the complexity of modeling the onset, intensity and
duration of drought conditions (Allen 1984), the strength of the index lies in its integration of data
preceding and following the date represented by the index, i.e., the index is calculated after the
date is past (A. Gorsky, National Weather Service, Boise, ID, pers. comm.).

Natural drought cycles can heavily influence productivity of the sagebrush-bunchgrass
ecosystem.  Numerous reports from the 1930's link lower productivity in pasture lands and
shrublands with drought conditions (see review in Blaisdell 1958).  Blaisdell’s own studies (1958)
suggested that herbage production in sagebrush-grass vegetation was significantly, negatively
affected by decreased precipitation.  Precipitation from early spring storm events appeared to be
of particular importance in determining yield and flowering effort.  Similar relationships between
drought and production and timing of precipitation events were seen for Atriplex confertifolia
(shadscale) communities in south-central Idaho (Sharp et al. 1990).  Production was reduced and
invasion by weedy exotic species and natural insect pests was enhanced.  Drought conditions have
prevailed in the Hagerman Study Area since 1986 (Figure 6) and cover and survival of individuals
in the upland vegetation has undoubtedly been reduced.  Effects in riparian and emergent
vegetation are expected to be minimized, except in the transitional zone between riparian and
upland vegetation, because of the presence of water at or near the soil surface.

Diversity in shrub steppe vegetation is generally moderate (West 1983b).  In the study
area diversity indices were low in upland vegetation associations.  Margalef (1972) suggests the
lower range of values for the Shannon-Wiener Diversity Index is approximately 1.0.  Values in
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upland vegetation studied in the Hagerman Study Area cluster around 1.0 (range 0.6 - 1.2). 
Evenness tended to be low (range 0.2 - 0.3), and characteristic of communities with very few
dominant species (Franklin and Dyrness 1988).  Diversity is related to the ecological state of
vegetation communities in several ways. Successional status and time since disturbance can
increase or decrease diversity depending on colonization rates (Peet 1992) and grazing of
vegetation that is not adapted to the presence of herds of large, hooved animals can reduce
diversity (West 1993, Mack 1989).

There is less information available about the composition and structure of native,
undisturbed riparian and emergent communities of western rivers than is available for the upland
vegetation surrounding them.  Except for the sparsely vegetated Shore & Bottomland Wetland
associations, riparian associations had higher diversity indices (range 1.3 - 2.9) than did upland
associations.  Dominance among species was also more evenly distributed in riparian associations
(range 0.2 - 0.7).  Western riparian vegetation is generally accepted to be more diverse than
surrounding vegetation (Mitsch and Gosselink 1993).

All of the plant associations described have exotic species as an integral component of
their composition.  In some instances (e.g., Artemisia tridentata/Bromus tectorum, Salix
exigua/Dipsacus fullonum-Solanum dulcamara and Elaeagnus angustifolia/Chenopodium
album plant associations), exotics are part or all of the dominance structure of the association. 
Invasions of weedy species are primarily, although not exclusively, promulgated by disturbance
(Heywood 1989).  The number and duration of anthropomorphic disturbances that have occurred
within and outside of the study area, including waterfront development, grazing, farming, water
removal and seasonal shifts in distribution of water, have undoubtedly enhanced the opportunity
for establishment of exotic species into the natural vegetation communities of the study area.

Invasions can also occur in ‘undisturbed’ communities, but the event is uncommon and not
well understood.  The invasion simply may be related to the quantity of propagules available for
transportation from disturbed areas into undisturbed areas (Rejmanek 1989).  Therefore,
proximity to disturbed areas may increase the likelihood of invasion, especially if natural
disturbance, e.g., rodent digging, has created open spaces in the undisturbed area.

The abundance of Bromus tectorum in the study area suggests that enhanced fire hazards
and the potential loss of native shrub-dominated communities is likely.  Fire history data are
available for the period 1979-1990 from B.L.M. records (Boise District Office, B.L.M., Boise,
ID).  In the vicinity of the Hagerman Study Area, 21 fires burned over 117,400 ha during the 10
year period of record (Table 15).  During that time, 37% of the burned acreage burned again at
least twice, resulting in areas with a minimum, short-term fire frequency of every 10 years, a far
shorter period than the 17 to 70 year interval described in the literature (Houston 1973, Young
and Evans 1978, Wright et al. 1979).
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Generally, cessation of disturbance is followed by a reestablishment, through normal
successional processes, of climax vegetation.  Some exotic species, like Bromus tectorum, have
invaded disturbed areas and persisted.  In effect, these species have altered normal successional
patterns to the extent that reestablishment of climax vegetation is virtually impossible without
human intervention (Franklin and Dyrness 1988).

The organization of plant communities across landscapes has been studied intensively for
almost a century.  A number of hypotheses that explain patterns and processes of organization
have been expressed.  Two theories dominated discussions in North America early in the 1900's,
the individualistic hypothesis (Gleason 1926), where species assemblages are made up of species
specifically adapted to local conditions, and the Clementsian hypothesis (Clements 1916) in which
species assemblages are constant and function as an 'organism' having evolved with a similar
evolutionary history (Miles 1979) and generally with a specific climax assemblage (Clements
1928).  Two hypotheses concerning community organization developed in Europe at about the
same time.  Braun-Blanquet proposed that assemblages possessed properties that permitted
classification of assemblages into orderly systems of communities much like the taxonomy of
species is ordered (Mueller-Dombois 1988).  The term 'ecosystem' was coined by Tansley in 1935
in his discussion of the relationship of environment to species distributions and consequent
assemblages (Mueller-Dombois 1988).  Tansley felt that the relationship was so strong that
studying the integration of species within ecosystems was the key to understanding patterns and
process in vegetation.  Numerous modifications of the hypotheses have been proposed over the
years and no single hypothesis has been satisfactory.

Commonly, classification of vegetation is done with the intent to understand successional
patterns in communities (Johnson and Simon 1987) and to aid in the development of management
strategies for particular vegetation types.  Typically, analysis of successional relationships includes
identification of site factors (e.g., topography, edaphic characteristics) shared in common among
plant associations with similar species compositions, and the establishment of a successional series
that is based on increasing community productivity, stature and soil maturity (Shimwell 1971). 
Successional relationships are difficult to discern among associations where weedy species form a
significant portion of the species abundance.  Hironaka et al. (1983) believed the climax
community of the uplands occurring in the Hagerman Study Area fell into the Artemisia
tridentata ssp. Wyomingensis/Stipa thurberiana habitat type.  Hironaka and his coworkers
considered the classification of sagebrush types as tentative because it was difficult to find
examples of pristine sagebrush vegetation.  Under moderate and severe disturbance regimes the
Stipa thurberiana is lost and Poa secunda becomes the dominant understory species.  The
sagebrush-grass associations described in this report do not bear much resemblance to the
community described by Hironaka et al.  If Hironaka's group is correct, the sagebrush vegetation
of the Hagerman Study Area is so disturbed that the habitat type no longer occurs.
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Without information on the physical environment, the development of a successional series
is preliminary at best.  Guided only by vegetative characteristics, it is possible to describe what
relationships may exist for one pair of emergent wetland associations.  The Scirpus acutus-
Lemna sp. plant association has Solanum dulcamara present at low cover, but wide distribution
across transects.  A second association, Scirpus acutus-Lemna sp.-Solanum dulcamara, was
characterized by the same dominant species and widespread distribution of Solanum dulcamara,
but Solanum dulcamara was more prominent.  Because the second association had greater cover
and slightly higher number of species represented, it may be a more mature expression of the
Scirpus acutus-Lemna sp. association.

While general patterns can be discerned at the landscape level there is enough variation in
species distributions to limit the wide application of any classification scheme.  However, the
value of classifying vegetation into ecologically similar units has value for land managers
concerned about resource utilization.

6.  Conclusions

A total of 27 vegetation, natural feature and land use cover types were found in the
Hagerman Study Area.  Aquatic habitats, including the river and nearby ponds, accounted for
14.8% of the total area.  Land use cover types, dominated by agriculture and grazed pastures,
occupied 21.6% of the total area, and vegetation cover types accounted for the remainder
(54.3%) (Table 3).  Wetland/riparian vegetation cover types account for 6.8% of the total area
and only 12% of the area occupied by vegetation cover types.  Upland vegetation cover types
account for 88% of the area occupied by vegetation cover types.  Lotic, Shrubland and Shrub
Savanna cover types were the most abundant of the cover types present (Table 3).  Shore &
Bottomland Wetland and Forested Wetland cover types were associated with specific reaches of
the study area.  Riparian and emergent wetland cover types were proportionally less common in
the Bliss Project Area than elsewhere in the study area.

A total of 26 plant associations were classified from data representing the vegetation cover
types.  Five vegetation associations were defined for the Shrub Savanna cover type, four
associations were defined for the Emergent Herbaceous Wetland and Shrubland cover types,
three associations were found in the Non-Emergent Herbaceous Wetland, Scrub-Shrub Wetland
and Forested Wetland cover types, two associations were found in the Shore & Bottomland
Wetland cover type and one association was delineated from the Forbland and Desertic Herbland
cover types, respectively.  Three cover types were sampled insufficiently to permit classification
of data into vegetation associations.  All of the associations have exotic species representing a
significant portion of total cover; some are dominated by exotic species.  Two associations are
similar to associations found downstream in Hells Canyon.
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Table 1. Wetland coverage in the Hagerman  Study Area. Based on the U. S.F.W.S. National
Wetlands Inventory maps for the Hagerman  Study Area. Data are the sum of mapped
polygons for each cover type plus the sum of linear features multiplied by the average
width of each cover type (IPC, unpublished data).

 Cover type Area (ha) % of total

Lacustrine, limnetic  8.5 1.3

Lacustrine, littoral 46.3 7.0

Palustrine, aquatic beds  24.1 3.7

Palustrine, emergent 169.0 25.6

Palustrine, forested 41.8 6.3

Palustrine, rocky bottom 0.3 <0.1

Palustrine, scrub shrub 177.6 26.9

Palustrine, unconsolidated bottom 71.2 10.8

Palustrine, unconsolidated shore 8.7 1.3

Riverine, upper perennial  49.7 7.5

Riverine, intermittent  62.7 9.5

Total hectares: 659.9
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Table 2. Land use/land cover types for the Hagerman Study Area, 1989. Wetland cover types
generally follow the classification system described b y Cowardin et al. (1979) and
modified for Habitat Evaluation Procedure s (HEP) (U. S .F. W. S. 1981). Upland cover
types generally follow the classification system used for HEP cover types as outlined in
U.S.F.W.S. (1981). Numbers refer to definitions found in Appendix 1.

No.      Cover Type No. Cover Type

1 Emergent Herbaceous Wetland
2 Non-Emergent Herbaceous Wetland
3 Shore & Bottomland Wetland
4 Scrub-Shrub Wetland
5 Forested Wetland
6 Lentic
7 Lotic
8 Forested Upland
9 Shrubland
10 Tree Savanna
11 Shrub Savanna
12 Desertic Woodland
13 Desertic Shrubland
14 Desertic Herbland
15 Grassland

16 Forbland
17 Barrenland
18 Cliff/Talus  Slope
19 Disturbed
20 Agriculture (Cultivated)
21 Grazing Land/Pasture
22 Urban
23 Residential
24 Industrial
25 Parks/Recreation
26 Roads
27 Forested/Orchard
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Hagerman  Study Area

Table 3. Cover types identified on a vegetation/land use cover type map of th e Hagerman  Study
Area based on aerial photographs taken in 1989. Vegetation and land use classifications
were defined by Habitat Evaluation Procedures (U.S.F.W.S. 1981). Th e Non-Emergent
Herbaceous Wetland  cover type was created by IPC.

Cover type ha % of total

Vegetation 3394.4 54.3

Emergent Herbaceous Wetland 28.6 0.5

Non-Emergent Herbaceous Wetland 64.2 1.0

Shore & Bottomland Wetland 4.2 0.1

Scrub-Shrub Wetland 271.0 4.3

Forested Wetland 54.6 0.9

Forested Upland 3.4 0.1

Shrubland  1770.8 28.3

Tree Savanna 6.8 0.1

Shrub Savanna 553.5 8.9

Desertic Woodland 4.7 0.1

Desertic Shrubland  259.3 4.1

Desertic Herbland 8.5 0.1

Grassland 305.8 4.9

Forbland 59.0 0.9

Natural features 1017.4 16.3

Barrenland 28.6 0.5

Cliff/Talus  slope 62.9 1.0

Lentic 40.9 0.7

Lotic 885.0 14.1

Land use                                                                          1347.0   21.6

Disturbed 125.3 2.0

Agriculture 500.7 8.0

Grazing Land/Pasture 481.4 7.7

Urban 6.9 0.1

Residential  71.0 1.1

Industrial 62.3 1.0

Park/Recreation 7.5 0.1

Roads 78.5 1.3

Forested/Orchard 13.4 0.2
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Table 3. (Continued)

Cover type ha % of total

Total area typed 5758.8

Untyped region of 500m bufferuffer 491.3 7.9

Total area 6250.1 100
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Upper Salmon Falls Lower Salmon Falls Bliss

    project area project boundary study area project area project boundary study area project area project boundary study area

Cover type ha % ha % % ha % ha % % ha % ha % %

Table 4. Cover types identified within the project area and project boundaries of the three hydroelectric projects in the Hagerman Study Area based on aerial photographs taken in 1989.  Vegetation
and land use classification was based on Habitat Evaluation Procedures (U.S.F.W.S. 1981).  The Non-Emergent Herbaceous Wetland cover type was created by IPC.

Upper Salmon Falls Lower Salmon Falls Bliss

    project area project boundary study area project area project boundary study area project area project boundary study area

Cover type ha % ha % % ha % ha % % ha % ha % %

Vegetation

   Emergent Herbaceous Wetland 8.9 1.1 1.1 0.8 <0.1 6.5 0.6 4.3 1.2 0.1 0.2 <0.1 0.6 0.3 <0.1

   Non-Emergent Herbaceous Wetland 4.5 0.5 2.4 1.6 <0.1 19.2 1.8 3.4 0.9 0.1 8.5 1.0 1.9 1.1 <0.1

   Shore & Bottomland Wetland 0 0 0 0 <0.1 <0.1 0 0 0 0 0.8 0.5 <0.1

   Scrub-Shrub Wetland 69.2 8.2 16.7 11.3 0.3 45.4 4.2 13.8 3.8 0.2 14.9 1.7 4.2 2.4 0.1

   Forested Wetland 15.3 1.8 1.8 1.2 <0.1 4.9 0.5 3.9 1.1 0.1 1.1 0.1 0 0 0

   Forested Upland 0 0 0 0 0 0 0 0 0 0 0 0

   Shrubland 93.9 11.2 30.2 20.5 0.5 325.6 30.1 16.5 4.6 0.3 274.0 30.6 19.9 11.6 0.3

   Tree Savanna 0.9 0.1 0 0 0 0.1 <0.1 <0.1 <0.1 <<0.1 0 1.1 0.7 0.1

   Shrub Savanna 65.3 7.8 10.9 7.4 0.2 69.5 6.4 1.9 0.5 <0.1 181.9 20.3 12.9 7.5 0.2

   Desertic Woodland 4.5 0.5 2.8 1.9 <0.1 0 0 0 0 0 0 0 0

   Desertic Shrubland 2.9 0.3 2.3 1.6 <0.1 65.5 6.1 2.2 0.6 <0.1 65.6 7.3 2.5 1.5 <0.1

   Desertic Herbland 7.9 0.9 0 0 0 0 0 0 0 0 0 0 0

   Grassland 80.3 9.5 0 0 0 52.0 4.8 0.4 0.1 <0.1 2.2 0.2 4.1 2.4 0.1

   Forbland 17.4 2.1 0 0 0 5.4 0.5 0.4 0.1 <0.1 6.3 0.7 0.1 <0.1 <0.1

Natural Features

   Barrenland 16.2 1.9 12.0 8.1 0.2 1.6 0.2 0.2 <0.1 <0.1 0.6 0.1 1.0 0.6 <0.1



Table 4. (Continued)

Upper Salmon Falls Lower Salmon Falls Bliss

    project area project boundary study area project area project boundary study area project area project boundary study area

Cover type ha % ha % % ha % ha % % ha % ha % %

   Cliff/Talus Slope 3.4 0.4 0.1 <0.1 <0.1 5.3 0.5 <0.1 <0.1 <<0.1 20.9 2.3 0.7 0.4 <0.1

   Lentic 12.7 1.5 0 0 0 12.5 1.2 1.0 0.3 <0.1 0 0 0 0

   Lotic 105.0 22.0 37.5 25.4 0.6 296.2 27.5 300.1 83.1 4.8 107.5 12.0 109.5 63.7 1.8

Land Use

   Disturbed 15.8 1.9 15.0 10.1 0.2 12.5 1.2 1.5 0.4 <0.1 8.9 1.0 3.2 1.9 0.1

   Agriculture 96.9 11.5 0.8 0.6 <0.1 82.5 7.7 3.8 1.1 0.1 55.6 6.2 <0.1 <0.1 <<0.1

   Grazing Land/Pasture 65.1 7.7 4.1 2.8 0.1 44.4 4.1 0.6 0.2 <0.1 130.8 14.6 <0.1 <0.1 <<0.1

   Urban 6.9 0.8 0 0 0 0 0 0 0 0 0 0 0

   Residential 33.7 4.0 3.2 2.1 0.1 3.8 0.4 0.5 0.1 <0.1 3.5 0.4 2.2 1.3 <0.1

   Industrial 11.9 1.4 1.1 0.8 <0.1 7.4 0.7 1.6 0.5 <0.1 1.4 0.2 1.3 0.8 <0.1

   Park/Recreation 2.7 0.3 0.8 0.5 <0.1 3.3 0.3 3.1 0.9 0.1 0.7 0.1 2.2 1.3 <0.1

   Roads 18.5 2.2 4.2 2.8 0.1 8.1 0.8 1.6 0.5 <0.1 10.1 1.1 1.9 1.1 <0.1

   Forested/Orchard 1.3 0.2 0.4 0.2 <0.1 7.2 0.7 0 0 0 1.9 0.2 2.0 1.2 <0.1

   Total area typed 761.1 99.8 147.4 99.8 1078.9 100.0 360.8 100.0 896.6 100.1 172.1 100.3
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Table 15.   Fire occurrence records for the Hagerman  Study Area and vicinity. Information
provided by the Boise District Fire Office, B.L.M. lght = Lightening.

Year
Number of

fires

Cause ownership Acres burned

man lght B.L.M. private total reburned

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

Total

% of Total

21

9

15

17

17

20

21

27

27

3

14

9

1

201

19 2

9 0

13  2

13  4

8 9

6 14

15 6

27 0

14 13

2 1

5 9

8 1

1 0

140 61

70 30

16060

5480

20036

8691

52527

54790

17179

6992

28442

31

1004

231

5

22 1,468

76

292

1040

1334

833

8278

16127

814

3101

36316

60

56

388

0

68,63 9

24

16352

16520

21370

9524

60805

70917

17993

10093

64758

91

1060

619

5

290,107

0

00

00

695

5765

33458

1370

5666

61686

30

8

0

0

108,678

38
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Appendix 1 (Continued)

Definitions

Cover Type Map and Vegetation Classification

1.

2.

3.

4.

5.

6.

7.

8.

9.

10

11

Emergent Herbaceous Wetland - is dominated by more than 30% cover of emergent,
erect, rooted, herbaceous hydrophytes. This vegetation is present for most of the growing
season in most years and is usually dominated by perennial plants. It has less than 30%
cover of woody vegetation and a total vegetation cover of more than 30%.

Non-Emergent Herbaceous Wetland - is dominated by more than 30% cover of non-
emergent, erect, rooted, herbaceous vegetation. This cover type is only found in the
riparian zone, and has less than 30% cover of woody vegetation and a total vegetation
cover of more than 30%.

Shore & Bottomland Wetland - may consist of bare sand, gravel, or rocky areas along the
riparian zone. If vegetation is present, it is dominated by emergent vegetation with a total
vegetation cover less than 30%.

Scrub-Shrub Wetland - is dominated by woody wetland vegetation less than 6 m (20 feet)
tall. It has a total vegetation cover greater than 30%.

Forested Wetland - is dominated by woody wetland vegetation that is 6 m (20 feet) tall or
taller. It has a total vegetation cover greater than 30%.

Lentic  - is non-moving open water habitat such as ponds and lakes.

Lotic - is moving open water habitat such as rivers and streams.

Forested Upland  - is dominated by trees (taller than 5 m) and has a tree canopy cover of at
least 25%.

Shrubland - an upland vegetation community, dominated by shrubs (including small trees
shorter than 5 m) and has a shrub canopy cover of at least 25%. Total vegetation cover is
greater than 25%.

Tree Savanna - an upland community, with a canopy cover of trees (taller than 5 m)
between 5% and 25%. Total vegetation cover is at least 25%. The area between trees is
typically dominated by grasses or other herbaceous vegetation.

Shrub Savanna - an upland community, with a canopy cover of shrubs (including small
trees shorter than 5 m) between 5% and 25%. This cover type has a total vegetation
cover of at least 25%. The area between shrubs is typically dominated by grasses or other
herbaceous vegetation.
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Appendix 1 (Continued)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Desertic Woodland - an upland community with l-25% total vegetation cover and trees
(taller than 5 m) forming the dominant vegetation stratum. It includes sparsely vegetated
types in non-desert areas.

Desertic Shrubland - an upland community with l-25% total vegetation cover and shrubs
(and small trees shorter than 5 m) forming the dominant vegetation stratum. This cover
type includes sparsely vegetated habitats in non-desert areas.

Desertic Herbland - an upland community with l-25% total vegetation cover, and non-
woody plants (including lichens and mosses) forming the dominant vegetation stratum. It
includes sparsely vegetated types in non-desert areas.

Grassland - an upland community with a total vegetation cover of at least 25%, and
dominated by non-woody plants (including lichens and mosses), of which grasses (native
or introduced) are dominant. This cover type may include prairies, rangeland, and upland
subalpine meadows.

Forbland  - an upland community with a total vegetation cover of at least 25%, and
dominated by non-woody plants (including lichens and mosses), of which forbs (native or
introduced) are dominant. This cover type includes many weedy fields, old fields, and
other types in early successional stages.

Barrenland (e.g.. Sand Dunes] - is an undisturbed (by direct human influence) upland area
that has a total vegetation cover of 5% or less.

Cliff/Talus Slope - consists of nearly vertical rock or bare soil faces, or slopes of
unconsolidated rock material with a total vegetation cover of 5% or less.

Disturbed - is land with more than 50% of the area disturbed by human activities and has
a total vegetation cover of less than 15%. This cover type may include off-road vehicle
areas, rural trash dumps, and soil borrow pits.

Agriculture (Cultivated) - land that is principally used for the production of agricultural
crops or products.

Grazing Land/Pasture - land that is principally used for pasture or grazing of domestic
livestock.

Urban - land that is principally located in a city and pertaining to city life (i.e., small
business buildings and facilities).
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23.

24.

25.

26.

27.

Residential - land that is principally associated with human housing. This cover type may
include homes, garages, yards, gardens, sidewalks, driveways, and small livestock pens
and pastures (l-2 acres).

Industrial - land that is principally used for larger businesses and corporations such as
office complexes, manufacturing plants, and warehouses.

Parks/Recreation - cultivated landscape that is principally used for human recreation such
as city and county parks, roadside rest areas and picnic areas.

Roads - consists of roadways for vehicle travel including major freeways and highways,
local paved roads, improved gravel and dirt roads. This cover type may be mapped as a
linear feature rather than a polygon.

Forested/Orchard - is artificially planted and cultivated trees for the production of fruit or
nut crops, or timber.
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